Objectives: To identify modifiable risk factors for obesity among low socioeconomic status (LSES) children. Methods: Cross-sectional data were obtained from 238 4-7-year-old children and 224 mothers from LSES preschools. Anthropometric measurements were obtained; mothers were interviewed about sociodemographic characteristics, health behaviors, perceptions and beliefs. Results: The combined prevalence of overweight and obesity (OWOB) among children was 29.8% based on the new World Health Organization (WHO) growth standard. Prevalence of OWOB (body mass index X25) among mothers was 51.8%. Mean age, sleeping hours, gender distribution and poverty level were similar between normal and OWOB children. Over 82% of mothers underestimated their child's weight status. Of the 62 OWOB children, 74.2% were perceived by their mothers as having 'normal weight' (NW) and 8% were perceived as 'thin'. Mothers perceived 67 out of 158 NW children (42.4%) as 'thin' (Po0.001). Mediation analysis indicated that 10% of the effect of maternal underestimation on child's OWOB may be mediated through child's daily sedentary hours (P ¼ 0.06). In a multivariable logistic-regression analysis controlling for maternal obesity, knowledge regarding breakfast's importance and child's daily sedentary hours, maternal underestimation of the child's weight status (odds ratio ¼ 7.33; 95% confidence interval (CI):2.41-22.37; Po0.0001) and parental smoking (odds ratio ¼ 3.25; 95% CI: 1.26-8.40; P ¼ 0.015) were the only significant factors associated with OWOB in LSES children. Conclusions: Maternal perception of child's weight status and parental smoking are associated with childhood OWOB among LSES children. These parameters can help identify children at risk for obesity. Maternal perception may be amenable to intervention.
Introduction
Low-income and minority children bear a disproportionately high burden of obesity (Wang, 2001; Wang and Beydoun, 2007) . In the United States, and other industrialized countries, low socioeconomic status (LSES) children are more likely to be obese than are high socioeconomic status children (Kleiser et al., 2009; O'Dea and Dibley, 2010) . Childhood obesity is associated with elevated risk for chronic conditions such as cardiovascular risk, hypertension and diabetes (Short et al., 2009; Flynn, 2010; Hong, 2010) , respiratory diseases (Fiorito et al., 2009 ) and musculoskeletal problems (Krul et al., 2009) . These chronic health conditions increase with time and are higher among males (Van Cleave et al., 2010) . In addition, obese children as adults are also prone to psychological problems such as low selfesteem and depression (Sanchez-Villegas et al., 2010) , while academic achievements of obese preschool and first grade children are lower (Datar et al., 2004; Taras and Potts-Datema, 2005) .
Early childhood is a critical period for detecting children at risk of overweight. If overweight begins before 8 years of age, obesity in adulthood is likely to be more severe (Freedman et al., 2001) . Obese preschool children are 2.0-2.6 times more likely to become obese adults when compared with non-obese preschoolers, while obese school-aged children are 6.5 times more likely to become obese adults (Serdula et al., 1993) .
The etiology of childhood obesity is multidimensional and includes genetic, environmental and familial factors (Davison and Birch, 2001 ). Children of obese parents, specifically mothers, are consistently found to be at increased risk of obesity (Hernandez-Valero et al., 2007; Beyerlein et al., 2010) . Additional predictors for childhood obesity include parental LSES, low education, long work hours and smoking (Huerta et al., 2006; Beyerlein et al., 2010) . Moreover, smoking during pregnancy was shown to be related to childhood obesity in a recent meta-analysis (Ino, 2010) . High birth weight and rapid weight gain during infancy are other predictors of childhood and young adulthood adiposity (Ekelund et al., 2006; Yu et al., 2011) . Maternal misperception of child's weight status is another determinant of obesity that has been examined in mixed socioeconomic status (SES) populations. Overall 20-88% of preschool children's mothers underestimated their children's weight status (Maynard et al., 2003; Campbell et al., 2006; Manios et al., 2009) . Parents' knowledge and role modeling of a healthy lifestyle were shown to be associated with healthy dietary habits and consumption of fruits and vegetables among children (Pearson et al., 2009; Vereecken and Maes, 2010) .
Studies on the pathways via which maternal characteristics in LSES homes influence childhood obesity are scarce. An understanding of how the interaction between maternal, residential and economic clustering factors among LSES mothers (for example, low education level, living below the poverty line, family size) may contribute to childhood obesity is lacking. Evaluating these associations may enable the development of better-focused intervention trials for treating and preventing childhood obesity.
The current study was designed to identify risk factors, especially those amenable to modification, associated with childhood obesity among LSES preschool children as a basis for developing age-specific interventions. Our data include extensive information about sociodemographic characteristics, and maternal attitudes and perceptions in relation to early childhood obesity.
Materials and methods

Subjects
The study was carried out in Beer-Sheva, a town in southern Israel. Recruitment began in September 2008. The criteria for eligibility were healthy children, aged 4-7 years, attending LSES preschool classes. Children were excluded if they suffered from any chronic disease, developmental problems, or attended any weight control program. Participants were recruited from LSES preschools to which admission is dependent on family income using the local municipality and Ministry of Education list of 16 LSES preschools. From these we sequentially recruited participants from one preschool at a time to reach the required sample size. Each preschool had 28-35 children per class and the sequence in which preschools were approached for recruitment was randomly generated. A total of 12 preschools were needed to achieve the required sample size.
Study procedure
After obtaining permission from local authorities and Ministry of Education (via their ethics committees), all parents were sent a preliminary letter describing the research goals and planned program, and inviting them to a meeting with the preschool teacher and investigators for further explanations. Of 397 children, 380 met the inclusion criteria, from among whom parental consent to participate was obtained for 258 children (response rate 67.9%). A total of 12 families had two children included in the sample. Those who agreed to participate signed an informed consent form and provided their contact details. Seven children were omitted from the analysis because of exclusion criteria that came to light at a later stage of the study. One child suffered from celiac disease, one had developmental problems, one received psychiatric treatment and another child was participating in a dieting program. Three families were omitted because of parental neglect and inability to arrange a meeting. Complete data were collected for 238 children and 224 mothers (94.8, 91.0%, respectively, after accounting for siblings). The protocol of the study was also approved by the ethics committee of Soroka University Medical Centre.
Data collection
Data collection was performed by research assistants who were trained (during three sessions) to administer the required measurements and questionnaires. Mothers were interviewed in person regarding possible risk factors for childhood obesity. The interviews of new immigrants from Ethiopia and former Soviet Union were carried out by research assistants of the same culture and language.
Measurements
Children's heights and weights were obtained in preschools using a standardized protocol. While children were barefoot and dressed in light clothing, height was measured with a portable stadiometer (SECA-217; Seca Ltd, Hamburg, Germany), and weight was measured with a portable digital scale (Tanita HD-318; Tanita Ltd, Arlington Heights, IL, USA). Weight and height were measured twice to the nearest 0.1 kg and 0.1 cm, respectively, and the mean value was used in the analysis. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared (weight (kg)/height (m 2 )). We used the growth curves of the World Health Organization (WHO) to compare the prevalence of excess weight among LSES children, using AnthroPlus version V1.0.2 software (de Onis et al., 2007) . According to WHO recommendations, 'normal weight' (NW), 'overweight' and 'obese' (OWOB) were defined as: À2 s.d.oBMI z-scorep1 s.d., 1 s.d.oBMI z-scorep2 s.d. and BMI z-score42s.d., respectively. Maternal weights and heights were measured according to the same protocol. Maternal weight category was assigned according to the BMI categorical definition of the National Center for Health Statistics ('underweight' for BMI below 18.5, 'healthy weight' for BMI between 18.5 and 24.9, 'overweight' for BMI between 25 and 29.9, and 'obese' for BMI of 30 or higher) (Anonymous, 1998) .
Definitions of demographic and sociodemographic parameters'
Maternal age, parity, marital status, educational level, parental smoking status and household SES were obtained during an interview. This parameter was chosen as representative parameter, given the strong association between household income and other indicators of household SES such as single parenthood, number of siblings and lower maternal and paternal education (Po0.001 for all tests). The definition of the family's poverty status was obtained by comparing the reported net household income per household residents to the national poverty line for families of similar size (Endeweld et al., 2008) . Education was categorized as follows: mothers who did not complete high school, those who completed high school, those with technical education or equivalent and those with a university degree.
Immigration status was presented in three categories: native Israeli, immigration within 9 years or less of study enrollment, and immigration more than 9 years before enrollment. Countries of origin were grouped as follows: Israel, Europe and former USSR, Ethiopia and East Africa and others. The time from immigration to Israel to the date of the interview is referred to as acculturation, previous studies have divided this time period into two categories: 0-9 years and 410 years (Portes, 1997) .
Definitions of physical activity and sedentary behaviors
Regular physical activity of both children and mothers was determined based on intentional leisure time physical activity and the time spent playing outdoors (h/week). Sedentary hours were derived from the sum of the usual time spent by the child watching television, videos, DVDs, or playing computer games (h/week). Usual nighttime sleeping hours were also reported in the interview.
Definitions of maternal knowledge, attitudes and perceptions
Maternal knowledge regarding key obesity prevention health behaviors in children was assessed using statements about the importance of drinking water, and of limiting sugar and sweetened beverage intake (Ludwig et al. 2001; Fiorito et al., 2009) , eating breakfast daily (Szajewska and Ruszczynski, 2010) and healthy eating habits such as the consumption of fruits, vegetables and dairy products (Field et al., 2003; Kleiser et al., 2009) .
In our study the focus is the subjective maternal perception rather than any objective measure of OWOB that were used by other researchers (Warschburger and Kroller, 2009 ). Mothers were asked to classify the child as thin, NW or overweight without further inquiry regarding the 'justification' for such perception. We felt that proposing a specific comparison group may influence the mother's perception and thus might distort the results. Underestimation occurred when overweight children were defined as 'NW', and severe underestimation occurred when OWOB children were defined as 'thin'. Overestimation occurred when 'thin' or 'NW' children were defined as OWOB. Maternal answers to a question regarding the need to diet (no need to diet, need for a weight-loss diet or need for a weight-gain diet) were used to confirm the maternal perception of the child's weight status. Underestimation occurred when OWOB children were defined as not requiring a weight-loss diet and overestimation occurred when NW children were defined as needing a weight-gain diet. Sever underestimation occurred when mothers of OWOB children were defined as needing a weight-gain diet.
Statistical analysis
The statistical analysis was performed using SPSS 17.0. for windows package (PASW Inc., Chicago, IL, USA). The sample size calculation assumed a prevalence of 25% OWOB among the children. Previous data have indicated that the prevalence of the exposure variable (maternal underestimation of children's weight) among mothers of overweight children is 0.5 (Maynard et al., 2003; Manios et al., 2009) . If the true odds ratio for OWOB in exposed subjects relative to unexposed subjects were 2.5, a sample size of 211 would allow the detection of an odds ratio of this magnitude, with 80% power in a two-sided test with Type I error set to 0.05. The final sample 'size' was increased to 238 subjects accounting for possible drop out and missing values.
The w 2 or Fisher's exact test, as appropriate, were used to compare prevalence in categorical variables. The McNemar's test was used to evaluate the association between the children's measured weight and weight status as perceived by their mothers. Means were compared using Student's t-test. Multivariate logistic regression analyses were performed to identify independent risk factors for childhood OWOB with NW as the reference. Odd ratios and 95% confidence intervals (95% CI) were computed. Potential variables that were found to be significant at the 5% level were entered into a binary regression model. Each model's goodness-of-fit was checked by the Hosmer-Lemeshow test, and the model with the best fit was chosen.
Normality of children's BMI z-scores distribution was checked with Shapiro-Wilk W (Shpiro and Wilk, 1965; Gould, 1992) and skewness-kurtosis (D'Agostino et al., 1990) tests. P-values o0.05 were considered statistically significant.
We used the mediation model developed by Preacher and Hayes (2008) to test for possible factors through which the effect of maternal misperception of the child's weight on his/ her weight status might be mediated (for example, child's daily sedentary hours, weekly physical activity hours and maternal knowledge regarding key obesity prevention health) (Lockwood et al., 2010) . Confidence intervals of the mediating effects were estimated using 2000 bootstrap resample.
Results
Study participants
A total of 238 children (47.5% male), of a mean age of 63.7 ± 6.0 months, were included in the final data analysis. We compared the demographic characteristics of the nonresponders (data from the local municipally) with the study group and found them identical in SES, and distributions of age and sex. OWOB was found in 71 children (29.8%) and the median of the weight status distribution (BMI for age and sex) was 15.7 (25th, 75th, and 97th percentiles were 14.8, 15.7, 17.2, respectively), whereas mean (s.d.) value was 16.3 (2.2). The distribution was positively skewed (Po0.001 in all normality tests). The prevalence estimate for the combined OWOB category was 29.8%, prevalence of obesity was 11.3%. Baseline characteristics of the study population by weight status OWOB vs NW are shown in Table 1 . OWOB children were heavier and taller than NW children (Po0.001). OWOB status was associated with higher sedentary behavior (P ¼ 0.001), but not with levels of reported physical activity. OWOB children had fewer siblings and were more likely to live with smoking parents. Their mothers tended to be younger, and immigrants who lived 49 years in Israel. Most of the mothers (51.8%) were OWOB with no difference between the groups of NW or OWOB children.
A majority of 82.3% of the mothers to OWOB children underestimated their children's weight status and perceived them to be of NW, whereas 8.1% severely underestimated their OWOB children and perceived them as 'thin' (Po0.001). No difference was found in maternal perception across children's gender (P ¼ 0.08). There was only one case of maternal overestimation (NW child perceived as overweight), and this case was omitted from the analysis. Very similar results were obtained when mothers were asked about the need for a weight-loss diet, with 75.8% of the mothers of OWOB children indicating that their children did not need a weight-loss diet.
Children's daily sedentary hours was the only variable positively related to both the maternal underestimation of her child's weight status (P ¼ 0.02), and the actual child's weight status (P ¼ 0.01), making it a potential mediator of the maternal underestimation-actual child's weight status association (Figure 1) . The indirect effect of number of sedentary hours was of borderline significance (product of coefficients: 0.027, 95% Bootstrap CI: 0.00; 0.06). Approximately 10% of the effect of maternal underestimation of child's weight status on OWOB was mediated though child's daily sedentary hours.
Knowledge of the recommendations to consume five vegetables and fruits, and three dairy products a day, and to avoid sweetened drinks did not differ significantly between mothers of NW vs OWOB children (P ¼ 0.65, 0.07, 0.28, respectively). A higher proportion of mothers of NW vs OWOB children regarded eating breakfast daily as important (98.0 vs 90.8%, P ¼ 0.01). In a multivariate logistic regression model the only statistically significant factors associated with OWOB in LSES children were maternal underestimation of the child's weight status and current parental smoking (Table 2 ).
Discussion
The study population, LSES preschool children had a high prevalence (29.8%) of OWOB with 18.5% overweight and 11.3% obese. OWOB were associated with maternal misperception of child's weight status and current parental smoking.
Our findings are similar to the obesity prevalence among low-income, preschool-age American children, when using the Centers for Disease Control and Prevention (CDC) cutoff references (Kuczmarski et al., 2000) . The prevalence of obesity in our population was 14.1%, and 14.6% among US LSES preschoolers in 2008, according to the CDC's Pediatric Nutrition Surveillance System (CDC, 2010) . These findings confirm the hypothesis that LSES children are at increased risk for childhood obesity. Similar results were reported for 4-year-old children in England (21.2%), Italy (22.2%) and Poland (22.9%) (Cattaneo et al., 2010) .
Little has been published about OWOB children in Israel in general, and about preschool children in particular. A cross-sectional survey of Israeli children aged 8-13 years from a mixed socioeconomic population in 2006 suggested that a high prevalence of OWOB in early childhood may be associated with even higher rates at older ages (Huerta et al., 2006) . Our study is, to the best of our knowledge, the first study examining obesity among LSES Israeli preschool children.
The specific contributors to the high OWOB prevalence among LSES children remain largely unidentified (Parsons et al., 1999) . Being born into a particular social class cannot in itself 'cause' obesity. Conversely, characteristics of LSES groups such as unhealthy environments, and lack of knowledge manifested as low parental health literacy may well influence the energy balance. It has been shown, for example, that parents with inadequate health literacy were Maternal weight misperception and obesity in preschoolers V Kaufman-Shriqui et al twice as likely to have an inaccurate perception of their child's weight than those with adequate health literacy (Sanders et al., 2009) .
In our LSES group, children's OWOB was strongly associated with maternal underestimation of child's weight status, a finding consistent with those in other populations (Maynard et al., 2003; Carnell et al., 2005; Manios et al., 2009) . More than half of the mothers underestimated their children's weight status, and the rate of underestimation was higher among mothers of OWOB children. The strong association between maternal underestimation of child's weight status and OWOB status may stem from both direct and indirect sources. A direct source of maternal underestimation of obesity may be related to 'optimistic biases' that exist concerning personal risks (Weinstein, 1989) . Parents who operate under these biases will minimize the likelihood of their children being OWOB in their minds. Studies have shown that children were not considered overweight if they were active, ate a healthy diet, had a good appetite and were popular (Jain et al., 2001; Crawford et al., 2004) . Qualitative studies who tried to understand the gap in maternal perception of obesity showed that LSES mothers tended to describe obese children as 'solid', having 'good appetite' and 'healthy', and did not relate body size using any negative terminology (Contento et al., 2003) . Furthermore, disagreement between the pediatrician and parents about child's weight status has resulted in childhood overweight going unrecognized (Suzanne Goodell et al., 2008) . The findings of our study suggest that LSES preschool children may be exposed to a major barrier to participating in obesity prevention programs as their mothers fail to recognize their overweight status. Recognizing the child's weight as above average was one of the factors associated with parental readiness to make changes for overweight children. New approaches are needed to address misperceptions about obesity that are held by mothers. The association between mothers' underestimation of their children's weight status and children's actual obesity status was shown to be mediated by sedentary behavior. A number of studies have shown that increased sedentary hours were associated with higher weight status, probably as a result of lower energy expenditure coupled with the consumption of unhealthy foods (Taveras et al., 2006; Miller et al., 2008) . Sedentary behaviors in children, mainly TV viewing were associated with OWOB (Hawkins and Law, 2006; Jiang et al., 2006; Lasserre et al., 2007) . For each additional hour per day of TV/video viewing, the odds ratio for BMI485th percentile was 1.06 (95% CI: 1.004-1.11) (Dennison et al., 2002) .
The interpretation of the mediation model provides some insight into modifiable risk factors for childhood obesity for future interventions. In a marginally significant mediation effect, B10% of the effect of maternal underestimation of her child's weight status on child's OWOB was mediated through child's sedentary hours. Altering the risk of obesity among children requires maternal collaboration. Thus, modifying maternal perceptions of her child's weight status may help to reduce sedentary hours and, therefore, has an important role in obesity prevention and treatment.
Current parental smoking status was associated with OWOB. These findings are in accordance with findings from the Germany (Apfelbacher et al., 2008) , the United Kingdom (Harding et al., 2008) and the Israel, which showed a doseresponse relationship between the number of household smokers and the risk of overweight (Huerta et al., 2006) . Parental smoking may be a part of a cluster of unhealthy, obesogenic behaviors also represented by unbalanced diet and lack of physical activity. Another indicator for the existence of a cluster of unhealthy behaviors was maternal nutritional knowledge of the importance of breakfast. The association found between lower knowledge and children's OWOB was discussed in a theoretical framework proposed by Sobal (1991) . According to this framework, education influences the knowledge and beliefs that lead to key health lifestyle habits associated with OWOB. Maternal weight misperception and obesity in preschoolers V Kaufman-Shriqui et al
Our study has some limitations. Owing to the crosssectional design, we cannot draw conclusions about causal relations between sociodemographic characteristics or maternal perceptions and child OWOB. Additionally, several other factors such as genetics were not collected as these were beyond the scope of the current study. As we chose to focus on LSES, we cannot generalize the results to all the children of school age. However, our primary goal was to explore the specific pathways through which the disproportionately high prevalence of obesity in LSES populations may be explained. Our sample was homogeneous with regard to SES level, hence, no statistical differences were found when comparing NW children and OWOB children by socioeconomic factors. Such differences may have been found had we included a broader SES-level range in the study population.
Conclusion
In conclusion, we found that OWOB is highly prevalent among 4-to 7-year-old Israeli LSES preschool children, and is positively associated with maternal underestimation of child's weight status and parental smoking. Daily sedentary hours may serve as a mediator between maternal underestimation of her child's weight status, and the child's actual weight status. Screening for inaccurate maternal perceptions of their child's weight status, and unhealthy parental and child behaviors (for example, smoking and sedentary hours) may help future prevention programs to target parents of children at risk and thus promote healthy weight among LSES children. Furthermore, modifying maternal perceptions of her child's weight status may help to reduce risk for OWOB via reducing children's sedentary hours and the unhealthy food consumption patterns known to be associated with sedentary hours.
